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ABSTRACT

The Seasonal Cycle Dependence of Temperature Fluctuations in the
Atmosphere. (August 1994)
Bridget Frances Tobin, B.S., Creighton University

Chair of Advisory Committee: Dr. Gerald R. North

The correlation statistics of meteorological fields have
been of interest in weather forecasting for many years and are
also of interest in climate studies. A better understanding of the
seasonal variation of correlation statistics can be used to
determine how the seasonal cycle of temperature fluctuations
should be simulated in noise-forced energy balance models. It is
shown that the length scale does have a seasonal dependence and
will have to be handled through the seasonal modulation of other
coefficients in noise-forced energy balance models. The
temperature field variance and spatial correlation fluctuations
exhibit seasonality with fluctuation amplitudes larger in the
winter hemisphere and over land masses. Another factor
contributing to seasonal differences is the larger solar heating
gradient in the winter.

40 years of monthly mean surface data and 25 years of

monthly mean 700mb and 500mb data is averaged over the

s




seasons. The spatial correlation of four northern hemisphere mid-
latitude test sites, two ocean sites and two land sites, at the
surface, at 700mb and at 500mb is examined for the winter,
spring, summer and fall. The correlations between the different
vertical levels and the variance of each level is also presented and

examined.
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INTRODUCTION

The spatial correlation of meteorological fields has been of interest in
weather forecasting for many years. It is used in optimal interpolation
schemes in the preparation of input for numerical weather forecasts since
data are collected at irregularly positioned stations and model input is on a
regular grid. The correlation structures are also of interest in climate studies.
A better understanding of the seasonal variation of correlation statistics can
be used to determine how the seasonal cycle of surface temperature
fluciuations shouid be simulated in noise-forced energy balance models
(nfEBMSs). If the length scale of the fields does not have a seasonal variation,
it may be possible to include seasonal modulation of the fluctuations
exclusively in the forcing noise. If the length scale does have a seasonal
dependence, the fluctuations will have to be handled through the seasonal
modulation of system parameters, such as the diffusion coefficient.

Until recently, most of what is known concerning interannual and
interdecadal variability in the temperature fields has been limited to the
analysis of the horizontal structure of surface air temperature records for land
stations. This study is an exploratory data analysis of monthly mean
temperature data averaged into seasons. It will concentrate on the patterns
of spatial correlation of temperature at the surface, 700mb and 500mb, the
differences in the spatial correlation at different test sites, the correlation

between the surface and 700mb, the surface and 500mb, and 700mb and

The thesis style is that of the Monthly Weather Review.




500mb and the variance of the temperature field at these three levels. Earlier
studies of temperature fields focus on global surface temperature (Hansen
and Lebedeff, 1987), on temporal trends in surface temperature (Jones,
1988), the variance of northern hemisphere surface temperature by seasons
over time, but not over space (Jones and Briffa, 1992). Kim arid North (1991)
compared the results of noise-forced energy balance models with the
observational results of the same surface data set used in this paper, but did
not include upper level data.

The autocorrelation length scale found in annual averaged
observational surface temperature data is about 1500km (Hansen and
Lebedeff, 1987; Kim and North, 1991). 1500km is the inherent length scale
for long term averages in noise-forced energy balance models (North, 1982).
It also happens to be the characteristic size for the synoptic scale features
that are prominent on daily weather maps. This latter is probably due to the
corresponding size of the Rossby radius of deformation (Hess, 1959). The
climate (time averaged data) length scale is not solely determined by
dynamical considerations but seems to be dependent on radiation damping
as well.

It is interesting to see if this is a property exclusively of the surface
temperature. If one takes disks of 1500km radius and covers the earth, about
65 are required. This implies there are about 65 statistically independent
regions on the earth with respect to low frequency surface temperature
fluctuations (Hardin and Upson, 1993). If the correlation lengths are

significantly larger in one season than in the other, it may be possible to use




fewer than 65 statistically independent regions to cover the earth during that
season. Atthe same time, the correlation areas seem to be largest in the
more variable seasons. This coincidence suggests that a compensation
occurs making the sampling errors seasonally invariant. Currently it is
unclear whether the present distribution of surface temperature gauges is
adequate for estimation of large scale temperature features and this
uncertainty has resulted in questions about whether temperature anomalies
on a hemispheric or global basis can be inferred from conventional data.
The surface temperature field variance and spatial correlation do
exhibit seasonality. Variability of hemispheric surface temperatures is
largest in the winter, followed by spring, fall and summer (Jones and Bradley,
1992). Fluctuation amplitudes are larger in the winter her.iisphere because
there is more potential for atmospheric flow instabilities. The fluctuations are
also larger over land masses. The different effective heat capacities of land
and ocean mixed layer are partially accountable for the larger fluctuations in
the winter hemisphere. The heat capacity of the water is about three times
that of dry soil and double that of wet soil. Therefore, land surfaces heat and
cool much quicker than oceans. Furthermore, turbulent mixing causes the
effective heat capacity over ocean areas to be another order of magnitude
larger. Heat storage in the oceans causes them to be warmer in winter and
cooler in summer than land, ignoring the eftects of ocean currents (Barry and
Chorley, 1982). Finally, the solar heating gradient is larger in winter than in
summer. These results combine to cause larger transient thermal gradients

in the winter and the increased potential for dynamic instability.




OBJECTIVES

The research goal of this study is to expand current knowledge of the
correlation statistics of seasonally averaged temperature fields at the surface,
700mb and 500mb. To achieve this goal, this study examines four
representative sites in the Northern Hemisphere mid-latitudes. How the
spatial correlations vary seasonally for the four different test sites and how
the pattern of spatial correlation changes vertically through the troposphere
at each of these test sites will be examined. The correlation between the
different vertical levels are also examined for an area surrounding each test
site that corresponds to the .368 (1/e) correlation distance. Finally, the
variance over the northern hemisphere for the seasonally averaged

temperature fields is also presented.




DATA

The primary data for this study consist of two temperature data sets.
The surface data is from the United Kingdom global surface temperatures
prepared and maintained by NCAR. Using the most comprehensive climate
data Jones et al. (1986) and Jones (1988) have produced a grid-point data
set of surface air temperature anomalies for each month since January 1851.
To overcome the irregular distribution of individual stations, the basic station
data has been interpolated to a grid. Air temperatures are used over land
and water temperatures over ocean. This data set combines the grid-point
land and grid-box marine data into a 5°X5° grid box data set. Where
collocated land and marine grid data occur, the resulting value in a grid box
is the average of the land and marine components. The temperature Qata
are expressed as departures from the common reference period mean of
1951-70 to enable interpolation to be easily achieved. Absolute mean
temperatures recorded at neighboring stations will vary because of factors
such as site evaluation and techniques used to calculate mean monthly
temperature. Interpolation of data in absolute values will also be affected by
these problems and by varying station numbers. The use of anomaly values
from a common reference period overcomes these problems. A
consequence of this procedure is that average hemispheric temperatures are
only calculated in relative and not in absolute terms. The marine data is the
result of both marine air and sea surface temperature measurements taken
by ships. The marine air temperatures are subject to biases induced by the

overheating of poorly located thermometers by solar insolation. These




biases have changed with time as ships have increased in size (height
above sea surface) and speed. Marine data are also subject to biases
induced by the different methods of sampling the sea water. Before Worid
War Il the sea water was collected in an uninsulated canvas bucket. There
was also a delay between sampling and measuring the temperature.
Though the delay was only a few minutes, it was enough time for the water in
the bucket to cool slightly by evaporative means. Since World War II most
readings have been made in the intake pipes through which sea water is
taken on board ships to cool the engines. The bucket measurements are
cooler by 0.3-0.7°C. A method has been developed to correct for the
uninsulated buckets. The coverage of SST measurements is largely
determined by merchant shipping routes. In most analyses (Jones and
Wigley, 1990; Jones et al., 1991; Folland et al., 1990) temperatures over the
ocean can be estimated using sea surface temperature anomalies providing
improved spatial coverage. Although the difference between air and sea
temperatures can be up to 6-8°C in absolute terms, the two marine sets are in
excellent agreement in anomaly terms. Sea surface temperature anomalies
are, therefore, an excellent surrogate for marine air temperature anomalies
(Jones and Briffa, 1992). Data is available from 85°N to 65°S on a 5° grid for
January 1851 through April 1990.

The upper air data is also prepared and maintained by NCAR and was
produced by splicing together several different grids from different analysis
routines and interpolating them onto a common grid. Data is available for the

Northern Hemisphere only, starting at 20°N. The sampling rate is twice daily,




at 00Z and 12Z. The 700mb temperature data is available for January 1963
through September 1993. The 500mb temperature data starts in January
1964 and ends in September 1993.

For this study, 40 years of surface data will be examined, starting in
1950 and ending in 1989. Prior to 1950, up to 60% of global surface area
was without data coverage which is the primary motivation for only examining
data after that time (Fig. 1). 25 years of upper air data will be examined,
starting in 1964 and ending in 1988. The surface data grid is from 87.5°S to
87.5°N and 2.5°E to 357.5°E. The upper air data grid is from 0°N to 90°N
and 5°E to 355°E. To account for the grid differences when correlating the
surface and upper air data, an average will be taken over an equal number of
grid-points. All examination of data will be done as seasonal averages of
monthly means. Seasons are taken to be December, January, February
(DJF) for winter, March, April, May (MAM) for spring, June, July, August (JJA)
and September, October, November (SON) for fall. This study examines four
representative sites in the Northern Hemisphere mid-latitudes. The locations
include two land areas, one in central North America (37.5°N, 262.5°E) and
one in central Asia (52.5°N, 92.5°E), and two ocean locations, an area over
the Pacific (37.5°N, 212.5°E) and an area over the North Atlantic (52.5°N,
332.5°E). Atthe 700mb and 500mb levels the test sites will be S50°N; 90°E;
40°N, 260°E; 40°N , 210°E; and 50°N, 330°E. These test sites are the four of
the six points studied in Kim and North’s study of second moment statistics

from a noise forced energy balance model (1991).
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SPATIAL CORRELATION AT DIFFERENT VERTICAL LEVELS
The spatial correlation pattern over central North America for the
winter season (Fig. 2) is concentrated around the test site at the surface . The
west-east boundaries are the Rocky Mountains (247.5°E) and the east coast

(292.5°E). The north-south borders are the southwest coast of the Hudson
Bay (57.5°N) and the Gulf Coast (32.5°N). Small correlations are also
apparent over the central Atlantic and over the Tibetan Plateau and a barely
discernible correlation exists over Scandinavia. At 700mb , the correlation
pattern exhibits the same size over the North Ameﬁcan continent, but the
pattern exhibits elongation to the east and a correlation maximum exists over
the Atlantic that is much stronger than it was at the surface. A third correlation
maximum is centered in an area east of Scandinavia and west of the Ural
Mountains. The 500mb correlation pattern is essentially the same as the
700mb pattern but is not as strong. All three correlation areas are vertically
stacked. The correlation is apparent at all three levels and the pattern is
strongest at 700mb.

In the spring (Fig. 3), the next most variable season, the spatial
correlation around the test site at the surface is much smaller, with much less
north-south extent. There are no other areas of correlation at the surface. At
700mb, the spatial correlation immediately around the test site includes the
same amount of area as at the surface, but a second area has become
apparent over Greenland, a small area is visible off the east coast of China
and a well defined area exists over the North Pacific. At 500mb the spatial

correlation around the test point is larger and exhibits some elongation to the
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FIG. 2. Spatial correlation of winter temperatures over North America. (a) 500mb
data at 260°E,40°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 262.5°E,37.5°N for 1950-1989.
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FIG. 3. Spatial correlation of spring temperatures over North America. (a) 500mb

data at 260°E,40°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 262.5°E,37.5°N for 1950-1989.
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east, and the area over the North Pacific is larger and also exhibits some
elongation to the east. The correlation over Greenland is unorganized and
correlation is now apparent over the entire Arctic region. The spatial
correlation at the test site continues to be vertically stacked. The North
Pacific correlation is also stacked and organized at the 500mb level.

| At the surface the fall spatial correlation includes more area around
the test site than in the winter or the spring (Fig. 4). The east-west orientation
is the same as in the winter and in the spring, but the area is elongated in the
north-south, with the northernmost area north of the Hudson Bay. Another
center is visible at the surface over Siberia. At 700mb the correlation around
the test site is more compact, in fact, it is very similar to the spring 700mb
correlation. The 700mb correlation also exhibits waves, with a correlation
maximum over the Atlantic and the east coast of Spain and a large area of
correlation over Siberia. The 500mb correlation exhibits waves in the same
areas. As in the winter case these correlations are vertically stacked, barely
discernible at the surface and most readily apparent at the 700mb level.

The summer season is the least variable season. At the surface, the
spatial correlation is much smaller around the test site than in any other
season and is elongated slightly to the north (Fig. 5). A second unorganized
area is located over the Pacific coast of south China. The upper level
correlations are completely unorganized, with numerous waves over the
entire area of available data.

The second test site examined is in Siberia on the larger of the two

land areas. As in North America, the area around the test site exhibits similar

12
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FIG. 4. Spatial correlation of fall temperatures over North America. (a) 500mb
data at 260°E,40°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 262.5°E,37.5°N for 1950-1989.
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FIG. 5. Spatial correlation of summer temperatures over North America. (a) 500mb
data at 260°E,40°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 262.5°E,37.5°N for 1950-1989.
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correlation at all three levels during the winter (Fig. 6). The largest areal
extent at this test site occurs at the surface, in contrast with the North
American case, which had the largest area at 700mb. Other areas of
correlation are present in the field, an area north of Alaska, a small area off
the west coast of North America and a smaller area over eastern Greenland
are present. These areas of correlation don't extend to the surface in all
areas. As in the previous case, the pattern is best seen at 700mb.

In the spring the correlation area is smaller than was the case in the
winter around the test site (Fig. 7). As in the winter case there are additional
areas with one over northern Europe, another in the central Atlantic and one
in the Pacific. These subsequent areas do not extend to the 700mb level. At
700mb, there is are areas in Texas, over northern Greenland and over the
Bering Strait. This pattern does not extend to the 500mb level. At Soo}nb the |
test site correlation is stretched to the east and the waves over Europe and
the Pacific are again apparent.

The most organized wave pattern for this test site occurs in the fall (Fig.
8). The correlation around the test site is nicely stacked at all three levels, is
more compact at the upper levels and slightly elongated to the east at
500mb. A second correlation area is located in the Atlantic, off the coast of
the United Kingdom, and a third area is over the southeast coast of North
America. These areas are apparent at all three levels and largest at the
500mb level.

The summer spatial correlation at the test site is very small at the

surface with a second small area located in the North Pacific, just south of the
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FIG. 6. Spatial correlation of winter temperatures over Siberia. (a) 500mb
data at 90°E,50°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 92.5°E,52.5°N for 1950-1989.
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FIG. 7. Spatial correlation of spring temperatures over Siberia. (a) 500mb
data at 90°E,50°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 92.5°E,52.5°N for 1950-1989.
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FIG. 8. Spatial correlation of fall temperatures over Siberia. (a) 500mb
data at 90°E,50°N for 1964 to 1988. (b) 700mb data at the same point for the
same time. (c) Surface data at 92.5°E,52.5°N for 1950-1988.




